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Cortical plasticity: It’s all the range!
Stephen J. Martin and Richard G.M. Morris
When rats learn a motor skill, synaptic potentials in the
motor cortex are enhanced. A new study has revealed
that this learning-induced enhancement limits further
synaptic potentiation, but not synaptic depression.
These findings support the view that activity-dependent
synaptic plasticity is the brain’s memory mechanism.
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It is widely believed that a change in the efficacy of infor-
mation transmission at synapses in the brain underlies the
formation of memories [1]. Until recently, however, a criti-
cal line of evidence was missing — evidence that changes
in synaptic efficacy occur during learning, and are induced
by an activity-dependent mechanism analogous to that
involved in the induction of long-term potentiation
(LTP). There have been several recent reports [2–5] that
learning can result in an enhancement of the evoked
response in a variety of brain structures. But is an LTP-
like mechanism responsible for this enhancement? Rioult-
Pedotti et al. [6] have recently used the technique of
occlusion to show that a form of motor cortical plasticity
induced by skill learning really does involve a mechanism
similar to LTP.
Motor cortical representations are highly plastic, and
capable of substantial functional reorganization [7,8].
Animals trained in a skilled reaching task show an expan-
sion of the wrist and digit representation in the caudal
forelimb area of the primary motor cortex (M1); this
expansion occurs at the expense of the elbow/shoulder
representation, which shrinks with training [9]. Current
evidence suggests that the underlying circuitry necessary
to support such changes is present before motor learning
occurs. Local blockade of GABA-ergic inhibition results in
a reorganization of the motor cortical map, an observation
that suggests the existence of a widespread system of
latent horizontal connections whose influence is normally
masked by feed-forward inhibition [10].
Having established a likely substrate for functional cortical
reorganization, we now need a mechanism. One way in
which the transmission of information between neurons
might be enhanced is by a long-lasting, activity-depen-
dent increase in the efficacy of synaptic transmission, such
as LTP. However, neural network modelling studies
suggest that the opposite phenomenon, long-term depres-
sion of synaptic efficacy (LTD), acting in concert with
LTP, may also be critical for efficient memory storage
[11]. Both LTP and LTD can be induced in the
layer II/III horizontal connections of motor cortical slices
[12,13]. The experimental protocol for LTP induction
involves focal application of the GABAA antagonist bicu-
culline, followed by a series of trains of high frequency
electrical stimulation. This form of LTP is blocked by
NMDA receptor antagonists [14]. LTD can be induced
simply by low frequency stimulation of the horizontal con-
nections [12].
In a previous study, Rioult-Pedotti et al. [15] had trained
rats in a skilled reaching task and then measured the size
of stimulus-evoked potentials ex vivo in the forelimb
representation area of M1 slices. Rats learned to reach
through a hole in a small plastic box with their preferred
paw, and to grasp and retrieve small food pellets. After
three to five daily practice sessions — all that was neces-
sary to see a striking improvement in the rats’ skill in
retrieving pellets — the strength of synaptic connections
among M1 neurons was increased. Coronal brain slices
containing both hemispheres were prepared, and stimulat-
ing and recording electrodes were placed bilaterally in
layer II/III of the forelimb area of M1 (Figure 1a). Most
motor cortical neurons lie contralateral to the limb that
they control; therefore the hemisphere contralateral to the
preferred forelimb is termed the ‘trained’ hemisphere,
whereas the ipsilateral hemisphere is referred to as
‘untrained’, and serves as a within-subject control. 
The first key finding was that, in rats that had acquired
the motor skill, evoked potentials were as much as 50%
larger in the trained, relative to the untrained, hemi-
sphere. This increase did not occur if NMDA receptors
were blocked [16]. The second key finding was that the
learning-induced enhancement of the evoked potential
was associated with a partial occlusion of artificially
induced LTP. As LTP can be saturated by repeated trains
of inducing stimulation, the implication is that prior skill
learning itself employs an LTP-like mechanism to ‘use up’
some of the plasticity available at motor cortical synapses. 
Rioult-Pedotti and colleagues’ new paper [6] puts the
microscope on this altered capacity for further plasticity
after learning. Is synaptic plasticity shut down by learning?
Or might there be a ‘synaptic modification range’ over
which synaptic efficacy can vary, with learning simply
pushing synaptic strength one way or the other? A way of
distinguishing these alternatives is to look at LTD. Many
studies have shown that, following LTP induction, it is
possible to depress or ‘depotentiate’ the newly elevated
level of synaptic efficacy by means of long trains of low-
frequency stimulation [17]. It follows that, if skill learning
has moved synaptic efficacy upwards within the synaptic
modification range, then LTD should be enhanced. This
is exactly what the new paper reports [6]. As in the previ-
ous study, synaptic plasticity was examined in the fore-
limb region of M1 in cortical slices taken from rats trained
for five days on the skilled reaching task. Whereas
repeated attempts to induce LTP resulted in a smaller
potentiation in the trained versus the untrained hemi-
sphere, a larger amount of LTD could be induced.
As Rioult-Peddotti et al. [6] point out, these findings
present an immediate puzzle. If the learning of one skill
uses up almost all of the available capacity for synaptic
enhancement, how can additional skills ever be learned?
If moving synaptic efficacy within a predetermined
range were the only neural mechanism used to induce
and store memory traces, one might reasonably predict
that learning one skilled reaching task would impair the
learning of another skill. As the authors note [6], such a
result has been reported in humans [18], but a direct test
of this prediction has not yet been reported using
animals, in which the underlying mechanisms might be
probed electrophysiologically.
The results of such an experiment might, however, be
inconclusive: the types of skill learned, and the neuronal
populations used, are likely to be critical in determining the
outcome. For instance, if two skills ‘compete’ for synaptic
plasticity within overlapping populations of synapses, there
is likely to be interference, but if a second skill can be
learned by ‘borrowing’ elements of the first skill, such as
specific sequences of limb movements, but otherwise uses
a distinct pool of synapses, learning of the second skill
may even be facilitated. Moreover, the time period during
which interference can occur might be limited by the fine-
tuning of relevant synaptic connections that accompanies
overtraining on a skilled task, and/or by the induction of
synaptic growth. Either or both processes might result in a
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Figure 1
(a) Configuration of stimulating and recording
electrodes in cortical slices containing M1.
Electrodes were placed symmetrically in the
forelimb representation area of the
hemisphere contralateral to the preferred
forelimb (trained hemisphere), and ipsilateral
to the preferred forelimb (untrained
hemisphere). Key: wm, white matter. (b) After
3–5 days of skill learning, evoked responses
were larger in the trained hemisphere than in
the untrained hemisphere. Saturation of either
LTP or LTD revealed a reduced capacity for
LTP and an enhanced capacity for LTD in the
trained hemisphere. This is consistent with the
notion of a synaptic modification range whose
upper and lower limits remain fixed, despite
the fact that baseline evoked responses are
larger after training. The fact that learning-
induced LTP occludes tetanus-induced LTP
suggests that the two phenomena share
common mechanisms. (Adapted with
permission from 15].)
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shift in the synaptic modification range — towards a
higher floor and/or a higher ceiling. 
Evidence that a shift in both floor and ceiling occurs
following an extended period of training was reported
by Rioult-Pedotti et al. [19] at this year’s Society for
Neuroscience meeting in New Orleans. A characteristic of
motor memories is that they undergo a process of consolida-
tion over time. Such memories continue to develop even
in the absence of further training, and progress from an
initially labile condition to a more durable, permanent
form [18]. The increase in the floor of the synaptic modifi-
cation range may represent just such a process of consoli-
dation, with existing patterns of synaptic enhancement
becoming permanently established over time. At the same
time, new synapses may grow, raising the ceiling of the
modification range. New motor learning, and with it new
increases in synaptic efficacy, may then be possible with
no discernible interference between newly acquired and
well established skills. 
A separate issue concerns the nature of the information
represented by a learning-induced increase in the efficacy
of a large number of cortical synapses. The learning of
what appears to be a fairly modest motor skill — reaching
through a hole — causes a surprisingly large and long-
lasting increase in the layer II/III evoked response. Mind
you, learning to reach for food pellets is likely to be a
major event in the life of a hungry laboratory rat. The real
issue is not so much the size of the evoked response as the
spatial distribution of synaptic changes, and we currently
have no idea how increases in synaptic efficacy among the
horizontal connections of the forelimb region of M1 can
encode a complex spatiotemporal sequence of move-
ments. The same can be said of the expansion of the fore-
limb representation region of the motor cortical map. The
nub of the representational question is whether the
precise pattern of changes in synaptic strengths consti-
tutes an engram of the motor program for the execution of
the task, or whether such changes have some ancillary
information processing role.
We have argued recently that the generic ‘synaptic
plasticity and memory’ hypothesis has to satisfy four
formal experimental criteria, one of which is ‘detectability’
— the idea that changes in synaptic efficacy should be
detectable somewhere in the brain as learning occurs [1].
The work of Rioult-Pedotti et al. [6] complements recent
amygdalar studies [4,5], and suggests that meeting this
criterion is feasible. The observation that skill learning is
associated with LTP of layer II/III horizontal connections
within M1, and an augmented capacity for the induction
of LTD within an unchanged synaptic modification range,
provides strong evidence that the functional reorganiza-
tion of this region during learning depends on established
principles of activity-dependent synaptic plasticity. Many
loose ends remain, but an understanding of the neural
mechanisms of memory seems to be within range.
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